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Description 

FIELD OF THE INVENTION 

s [0001] The field of the invention is the recovery of large protelnaceous material through a small pore exclusion filter 
during purification, prion and viral reduction or prion and viral clearance processing. Removal of prion and vims by 
size exclusion from a large biomolecule such as a gamma globulin is generally hindered by the difficulty of efficiently 
passing a large globular protein through a size exclusion filter with the desirably small pore size necessitated for phar- 
maceutical and diagnostic use. The removal of prion and viral particles from proteinaceous molecules using the 

10 processing methods of this invention results in a product substantially free of such particles. 

BACKGROUND OF THE INVENTION 

[0002] The recovery of large proteinaceous material through a small pore exclusion filter during purification, viral 
IS reduction or viral clearance processing has posed significant problems for the pharmaceutical and diagnostic industry 
(see Roberts, P., Vox Sang, 1995:69:82-83). Removal of prions or virus from a large biomolecule such as a gamma 
globulin (monoclonal or polyclonal) by size exclusion is hindered by the difficulty of efficiently passing a large globular 
protein through a size exclusion filter with a 12-15 nm pore size. The problem is especially evident where small non- 
enveloped virus are sought to be removed from products with high molecular weight. A further complication to the 
20 process is that proteinaceous materials such as immunoglobulins to be recovered fonm dimers and trimers, which pass 
through the filters with difficulty or not at all. 

[0003] The smaller the membrane pore size the more effective the membrane Is in retaining the prions or viral par- 
ticles. However, along with the smaller pore size comes a decrease in the ability of the membrane to allow the prion- 
or viral ly-cleared product to freely pass through. As with all virus-reduction technologies each application must be 
25 assessed on Its own merits for each product and each virus. In those cases where the removal of small non-enveloped 
viruses Is required, the use of virus filters with the smallest pore size (less than 35nm, and preferably between 1 2-30nm) 
is probably essential and this may not be possible with products of high molecular weight, or with those that form dimers 
and trimers. 

[0004] The problem is outlined in the publication of Roberts referenced hereinabove wherein it is discussed that 
30 while filters with nominal cutoff values of 70, 160 kD, and 15, 35, 40, 50 and 70 nm may be useful for removing small 
viruses, products with larger molecular weights such as immunoglobulins (IgG, 150 kD) and factor Vill (350 kD) can 
only pass through filters of larger pore size. 

[0005] The methods of the invention comprise the filtration processing and prion and viral clearance of a pharnia- 
ceutlcal preparation of an immunoglobulin. 

35 [0006] In the prevention of hemolytic disease of newborn the mother is injected with Rho(D) immunoglobulin of 
human origin. Such a product is RhoGAM®, available from the assignee hereof, and it operates by preventing the 
unimmunlzed Rho (D) negative mother from responding to Rho (D) antigen present on red cells and 'received' from 
an Rho(D) positive infant. Thus, by preventing anti-Rho (D) production by the mother, the subsequent Rho (D) positive 
infant of this mother is protected from hemolytic disease of the newborn. Although this successful product is presently 

40 produced by a Cohn alcohol fractionation type process, several investigators have attempted to use alternative methods 
to produce similar materials to thereby provide an economically more advantageous product, to reduce large plasma 
requirements. Such Investigational efforts have been reported by Hoppe et al. in "Prevention of Rh Immunization Mod- 
ified Production of IgG Anti-Rh For Intravenous Application By Ion Exchanged Chromatography", Vox Sang, 25:308-31 6 
(1973)and Friesen et al. in "Column Ion-Exchange Preparation and Characterization of an Rh Immune Globulin for 

« intravenous Use", Journal of Applied Biochemistry, 3, 164-175 (1981). 

[0007] Hoppe in Germany and Friesen in Canada both employed a DEAE-Sephadex chromatography column in 
conjunction with a phosphate buffer eluding agent. Hoppe's source of anti-D containing plasma was from volunteers 
who passed an HB Ag laboratory test for at least six months, the plasma being stored in the interim. Thus, Hoppe 
employed a relatively safe, noninfective plasma to start with. No additional tests were run, however, to detennine the 

50 efficacy of the DEAE-Sephadex hepatitis B surface antigen. Hoppe's concern was instead directed towards the removal 
of aggregated materials and the Isolation of an unfragmented, immunoeietrophoretically pure IgG having a relatively 
high antibody concentration. The Friesen publication reports on the modification's made to the Hoppe method for the 
development of an intravenous Rh IgG for use In Canada. As Hoppe had done, Friesen tested each unit of Rh plasma 
for HB AG to eliminate any donors testing positive. Friesen employed the radioimmunoassay kit from Abbott Labora- 

55 tories, North Chicago, ILL. (Ausria I Kit). This test is still regarded as one of the most sensitive and was also employed 
in the development of the invention described later. Friesen reported that clinical trials showed the material produced 
using the DEAE Sephadex resin/phosphate buffer combination was effective and safe for the prevention of Rh immu- 
nization. Friesen, however, reported no additional tests for determining the efficacy of the DEAE-Sephadex/phosphate 
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buffer combination for removing hepatitis B surface antigen from plasma samples. This, at least from the U.S. govern- 
ments perspective, is especially important since the radioimmunoassay test employed in screening the donor plasma 
samples is incapable of detecting concentrations of HB AG particles two or three orders of magnitude lower which may 
stiti be infective. It is this concern for the potential infectivity of a reagent produced by such a method that the United 
5 States government has been significantly more restrictive in pemiitting the production of injectable immunoglobulin in 
reagents by solid phase methodologies. 

[0008] RhoGAM® Rho (D) Immune Globulin (Human) was the first successful prophylactic use of specific antibody 
to achieve antibody mediated immune suppression. RhoGAM® is an IgG immunoglobulin solution containing anti-Rho 
(D) at a dose of 300 micrograms of antl-D activity per dose. RhoGAM® can be given to the nonlmmunized, Rho{D) 
10 negative pregnant woman at the appropriate time prevent future disease in her Rho{D) positive offspring. The disease 
Is called hemolytic disease of the newbom or more specifically, Rh-erythroblastosis fetalis. 

[0009] A smaller dose of anti-Rho(D), MICRhoGAM® Rho(D) Immune Globulin (Human) Micro-Dose (50 micrograms 
of anti-Rho(D)) is also sold by the Assignee hereof for treatment of women who have abortions and miscarriages at 
twelve weeks gestation or earlier. While the full dose protects the recipient for up to 15 ml of Rho(D) positive red ceils, 

IS the smaller dose provides protection up to 2.5 ml of Rho(D) positive red cells. RhoGAM® is used as antenatal proph- 
ylaxis at 26 to 28 weeks gestation. Other Indications include threatened abortion at any stage of gestation with con- 
tinuation of pregnancy, abortion or temnination of pregnancy at or beyond 13 weeks gestation, abdominal trauma or 
genetic amniocentesis, chorionic villus sampling (CVS) and percutaneous umbilical blood sampling (PUBS). 
[0010] Most immunoglobulin injectable materials approved tor use by the'FDA and Bureau of Biologies have been 

20 produced by the alcohol fractionation procedure developed by Or. E. Cohn of Harvard during the 1 940s and described 
In Cohn et al., J. Am. Chem. Soc. 68, 459 (1946), incorporated herein by reference. This procedure coupled with the 
careful selection of plasma negative for hepatitis infectivity, HIV, and other blood-borne pathogens determined by the 
most sensitive tests available, has been employed for such a long period of time that the US government has adopted 
a position favoring only the resultant preparation of this procedure as safe, That the products produced by this procedure 

25 are Indeed safe can easily be demonstrated by the millions of non-infected recipients of product. 

[0011] Several conventional methods for the separation of gamma globulin from human serum have been described 
notably for Baumstaric et al . in "A Preparative Method For The Separation of 7S Gamma Globulin From Human Serum", 
Archives of Biochemistry and Biophysics, 108, 514-522 (1964) and by A. Webb in "A 30-Mlnute Preparative Method 
For Isolation Of IgG From Human Serum". Vox Sang, 23:279-290 (1972), both of which are incorporated herein by 

30 reference. Although both of these papers are more concerned with the separation and selection of various gamma 
globulin classes from a serum containing numerous other contaminating proteins, they do address the removal of 
contaminating proteins and materials from the original serum sample. Both employ a DEAE-Sephadex column chro- 
matographic material with a phosphate buffer etuting agent. Both investigators met with some degree of success as 
far as removal of contaminating proteins was concerned, however, both failed to address the problem of removing 

35 contaminating hepatitis viral particles in order to provide a safe, injectable reagent. 

[0012] Steps Including restriction of plasma source and leukodepletion of blood and blood components have been 
taken to minimize the theoretical risk associated with the potential for blood to cause new variant Creutzfeldt-Jakob 
disease (Turner ML et al., Blood Reviews 1 998; 1 2:255-268; Prowse CV et al., Br. J. Heamatology 1 999; 1 06:240-247). 
The plasma fraction industry has also perfomned numerous studies to gain an understanding of the effect the plasma 

40 processing has on the removal of prion spiked material (lee, DC, J. VIrologlcal Methods 2000; 84:77-89; Foster PR, 
Vox Sang 2000; 78:86-95). The results from these and other studies have been recently reviewed by the industry and 
some conclusions have been reached concerning prion removal studies. Among those are that no step could be uni- 
versally recognized as a well established removal step; that in investigation key process steps it is advisable to use 
different types of material and strains to investigate their dependence on the nature of the spiked material; and that 

45 since the extent of removal of TSE depends upon the exact processing conditions, it Is important that potentially effective 
removal steps be confirmed by studies of a specific manufacturing process. 

[0013] It Is an object of the Instant invention to provide prion and virally cleared, pure immunoglobulin for Injection. 

Such a substantially pure product is produced using the processing methods of the invention. 

[0014] it is a further object of this invention to provide a manufacturable process for purifying immunoglobulins which 

50 is reasonable in tenns of temporal, square foot and protein yield requirements. 

[0015] The filtration used In this invention is accomplished by a sieve-retention mechanism dependent upon the size 
relationship of the virus to the filter mean pore size. Its efficiency Is not affected by filtration conditions of temperature, 
Ionic strength, virus titer challenge, pressure, pH, surface tension, and other variables. While affecting the ability of the 
IgG particle to pass through the filter, the detergent and ionic strength conditions of the invention do not affect the viral 

55 clearance. Studies conducted for the Assignee hereof have shown that the buffer composition employed has minimal 
effect on the virus particle in terms of viral inactivation and viral envelope removal. 
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SUMMARY OF THE INVENTION 

[0016] The methods of the instant invention result in substantially pure large globular proteins such as for example, 
an immunoglobulin, such temn "substantially pure" as used herein means substantially virus and prion-free. The im- 
5 munogiobulin may be a monoclonai or polyclonal Immunoglobulin, for example monoclonal or polyclonal anti-D immu- 
noglobulin, more particularly, RhoGAM® or MICRhoGAM®. 

[0017] The immunoglobulin fomiulation of the invention comprises from about 4.0% to 6.0% immunoglobulin by 
weight, from about 24 to 36 ppm Thimerosol, and from about 80 to 200 ppm polysorbate 80. More particularly, the 
immunoglobulin fomiulation of the invention comprises about 5.0% immunoglobulin by weight, about 33 ppm 

10 Thimerosol and about 100 ppm polysorbate 80. 

[0018] The invention contemplates a method for making a substantially pure formulation of a large globular protein 
comprising the steps of (a) fractionating human plasma in alcohol; (b)resuspending the resulting Precipitate II; (c) 
admixing the resuspended Precipitate II with a high ionic strength buffer containing an excipient; and (d) perfomning 
nanofiltration on the immunoglobulin. The alcohol may be methanol. The high ionic strength buffer can be 150mM 

IS NaCI-Glycine. The excipient is a non-Ionic polyoxyethytene detergent, for example polysorbate-80. 

[001 9] The nanofiltration comprises use of a first nanofilter having a cutoff rating of less than about 30nm, preferably 
about 12nm. The filtration can further comprise use of a second nanofilter having a cutoff rating of about 10,000K to 
about 60,000K, preferably about SO.OOOX, which removes the methanol, concentrates the protein, and exchanges the 
buffer to that which is best for product stability. Such a buffer is for example a low Ionic strength buffer, for example 

20 50mM NaCI Glycine buffer. 

[0020] Also contemplated is a process for the manufacture of substantially pure antl-D antigen comprising the steps 
of: 

(a) resuspending Precipitate 11 from fractionated human plasma; 

25 (b) admixing the resuspended Precipitate II with processing aids; and 

(c) performing nanofiltration on the immunoglobulin. The processing aids comprise a high ionic strength buffer and 
a non-ionic excipient; the high ionic strength buffer comprises 150mM NaCI Glycine buffer and the non-ionic ex- 
cipient comprises polysorbate 80. 

The methods of the Invention may also include a step (d) concentrating the immunoglobulin concentration 

30 using a nanofilter having a cutoff rating of about 50.000K. This step also exchanges the high ionic strength buffer 

for low ionic strength buffer, for example 50mM NaCI Glycine buffer. 

BRIEF DESCRIPTION OF THE DRAWING 

35 [0021] Figure 1 Is a flow sheet showing the process of fractionation of human plasma to obtain anti-Rh globulin. 
[0022] Figures 2A, 2B and 2C are schematic drawings showing the VI RESOLVE® 1 80 SYSTEIVI Ultrafiltration System 
used in the prion- and viral- clearance process of the invention. FIGS. 2A, 2B and 2C designate the Product Holding 
Tank, as 1 , the Viral Clearance Filter Holder as 2, the Ultrafiltration Filter Holder as 3, the 50 mlVI NaCI-Glycine Buffer 
Storage Tank as 4, the T-1 Recirculation Tank as 5, the T-2 UF Recirculation Tank as 6, the P1 Viresolve 180 Feed 

40 Pump as 7, the Viresolve 1 80 Pemieate Pumps as 8, the UV Meter as 9, the UF Feed Pump as 10, the UF Pemieate 
as 11, the Sample Port as 12, and the Product Recovery and In-Llne Sterile Filtration as 13. 

[0023] Figure 3A is a schematic of the Vlresolve-1 80 system as assembled for the Comparative Example 3 comprising 
low ionic strength buffer and polysorbate-80. 

[0024] Figure 3B is a schematic of the re-configured Viresolve-1 80 system after the conclusion of the flux excursion 
45 portion of Comparative Example 3. 

[0025] Figure 4 is a graph depicting sieving coefficient vs. flux for the immunogtobulin G in low Ionic strength buffer 
In the flux excursion experiment of Comparative Example 3. 

[0026] Figure 5 is a graph depicting sieving coefficient vs. volume filtered for the immunogtobulin G in low \on\c 
strength buffer in the volume reduction experiment of Comparative Example 3. 
50 [0027] Figure 6 is a graph depicting filtration characteristics of hamster brain homogenate (HBH) through a 0.1 micron 
filter. 

[0028] Figure 7 is a Western Blot of ultrafiltration retentate and brain homogenate stock as discussed In Example 4. 
[0029] Figure 8 Is a table depicting Western Blot assay results of PrPR^s spiked RhoGAM® pre and post-ultrafiltratlon. 

55 DETAILED DESCRIPTION OF THE INVENTION 

[0030] The instant invention uses a combination of high (around about physiological range) ionic strength buffer and 
a non-ionk: excipient as processing aids during prion and/or viral reduction or prion and/or viral clearance of a large 
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biomolecuie. This invention allows a snnall pore size exclusion nanofilter to be used with a globular protein molecule 
such as an Immunoglobulin without appreciable yield loss and no significant change in immunoglobulin subclass, ag- 
gregate level or stability. The high ionic strength buffer and excipient are used only as processing aids and can be 
reduced by nanofiltration after processing. The methods of the Invention yield a product substantially free of prion and/ 

5 or virus. Virus removed by the methods of the invention (size exclusion) ensures all potential categories of virus, both 
enveloped (for example, HIV, Hepatitis B Virus) and non-enveloped (for example, Hepatitis A Virus, Parvovirus B19), 
are removed from the product. Prions removed by the methods of the invention include all potential categories of prions, 
for example, including Transmissible Spongifonn Encephalopathies ('TSE"), further including Bovine Spongiform En- 
cephalopathies ("BSE") and scrapie including PrP^ and new variant Creutzfeldt Jakob Disease. 

10 [0031] The advantages of the processing aids of the invention include (1) processing time is greatly reduced and 
concomitantly yield is greater, since the processing aids shift the equilibrium away from protein dimer, trimer and ag- 
gregate formation, which allows the product to be processed at an increased protein concentration, (2) the ability to 
use smaller pore size membrane allowing for greater assurance of prion and viral clearance of the smaller non-envel- 
oped virus, (3) the immunoglobulin processed through the membrane is not altered in IgG subclass or stability, and 

15 (4) processing equipment and therefore manufacturing floor space can be optimized for highest product yield per filter 
area. 

[0032] The large molecules processed in accordance with the methods of the invention include large globular proteins 
such as albumin, immunoglobulins (for example IgG) and fragments thereof, blood coagulation factors such as Factors 
VIII, IX and XI, growth hormones, apolipoprotelns, enzymes (for example streptokinase), all of the above whether 

20 naturally occurring or genetically engineered. 

[0033] The pore size of the nanofiltering units employed in the production of substantially pure, prion- and virus-free 
immunoglobulin products of the instant invention less than about SOnm, most preferably less than about 15nm. How- 
ever, any membrane having the filter cutoff rating sufficient to reduce or eliminate non-enveloped virus from a protein- 
aceous solution can be employed in the processing methods of the Invention. For example, the Viresolve-1 80 (Millipore 

25 Corporation, Bedford, MA) unit may be employed, such unit having a molecular weight pore size rating of less than 
about 180KD molecular weight or about 12nm. The methods of the invention also contemplate the use of the 70KD 
nanofilter pore size units currently used in the filtration of small recombinant proteins, cytokine and lymphokine products 
as well as blood fractionation products. 

[0034] The instant use of a non-ionic excipient as a nanofiltering processing aid for prion and viral clearance is novel. 

30 The non-ionic excipients of the instant invention include vinyl polymers, polyoxyethylene-polyoxypropylene polymers 
orco-polymers (Pluronics^**), polysaccharides, proteins, poly(ethyleneoxide), and acrylamide polymers and derivatives 
or salts thereof. It is understood that poly(ethyleneoxide) Includes polyethylene glycol. The vinyl polymers useful in the 
present Invention may be selected from the group consisting of polyacrylic acid, polymethacryric acid, polyvinyl pyrro- 
lidone and polyvinyl alcohol. The polysaccharides useful in the present invention may be selected from the group 

35 consisting of cellulose or cellulose derivatives, glycosaminoglycans, agar, pectin, alginic acid, dextran, starch and 
chltosan. The glycosaminoglycans may be selected from the group consisting of hyaluronic acid, chondroitin, and 
related molecules. The proteins useful in the present invention may be selected from the group consisting of gelatin 
and fibronectin. Although some of the materials listed hereinabove may not pass through a nanofilter, their presence 
on the retentate side thereof may be sufficient to accomplish the purposes of the invention. 

40 [0035] The cellulose derivatives may include alkyi cellulose and hydroxyalkyi cellulose, for example, methyl cellulose, 
hydroxyethyl cellulose, carboxymethyl cellulose, hydroxypropylmethyl cellulose and hydroxypropyl cellulose. 
[0036] Most preferred for the nanofiltration of globular proteins as contemplated in the instant invention are ionic 
detergents, nonionic detergents with polyoxyethylene or sugar head groups, iysopholipids, and bile salts and combi- 
nations thereof. Especially preferred are the nonionic polyoxyethylene detergents for example the polysorbates, Pluron- 
ics, BriJ, Sterox-AJ, Tritons and Tweens. Most preferred is polysorbate 80. 

[0037] The non-ionic excipient of the instant invention may be present in the protein solution initially In the processing 
method in the range of from about 0.015 g/L to about 0.024 g/L, most preferably about 0.02g/L or 20 ppm. Such 
concentrations of excipient during processing were determined not to affect viral clearance. Particularly preferred of 
the non-ionic excipients Is polysorbate 80, which is employed most preferably during processing at a concentration of 

so 0.002% or 20ppm for processing. This range is at or within the critical micelle concentration for polysorbate 80. In 
detemnining concentrations for other excipients In this Invention, guidance may be taken in the knowledge of the critical 
micelle concentration for that excipient. The amounts of excipient recited in this paragraph are specific for anti-D im- 
munoglobulin, however, it is contemplated that said amounts would be applicable to other fomnulations of IgG, for 
example immune serum globulin (human and equine) and hepatitis B immune globulin. The final excipient concentration 

55 In product may be up to about 0.1-0.2% w/v; more preferably about 80-200ppm, most preferably, in the case of polys- 
orbate 80, about lOOppm. In general, the amounts of excipient present in final product would be about the same for 
all IgG molecules that are administered in about the same dosage. A further advantage to the use of the excipient is 
as a de-foaming aid during the filtration processing. 
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[0038] The human plasma used in the instant invention can be obtained by the methods of Cohn et al. (the "Cohn 
process"), referenced hereinabove, by batch or column exchange chromatography, or by affinity chromatography. 
[0039] In the process of the invention wherein the Precipitate II (from the Cohn et al. process) material is diluted to 
about 4.6 • 5.0 mg/ml (about 0.5%) and must be later concentrated 1 0X through ultrafiltration, it is important to use a 

5 low initial concentration of excipient; excipient concentration in the range stated hereinabove and preferably about 
0.002% does not adversely affect the process. Such adverse effect could be for example with enveloped virus, the 
dissociation of the virus from its envelope and the passage of virus particles into the filtrate. Studies conducted for the 
Assignee hereof using Vesicular Stomatitis Virus, a bullet-shaped, enveloped, RNA-containing virus showed that at 
the concentrations of excipient employed in this Invention (100 ppm or 0.01% at 5X for processing), no appreciable 

10 virus activation occurred. 

[0040] The protein concentration used in the processing of the instant invention will be in the range of about 0.1% 
to about 1% by weight. Up to about 1% can be used where the protein material is monomeric or monoclonal. For the 
Precipitate II immunoglobulin used in the instant invention, the initial protein concentration used for processing is about 
4.6 • 5.0 mg/ml (about 0.46-0.5%). 

15 [0041] Cohn, U.S. Patent No. 2,390,074, the contents of which are herein incorporated by reference, discloses a 
method of fractionating blood by which gamma globulins are prepared. The gamma globulins prepared by the Cohn 
method contain 1 9 S globulin, plasminogen and lipids. While this gamma globulin is eminently suitable for prophylaxis 
against diseases such as measles and tetanus, the presence of the 19 S globulin, plasminogen and lipids are unnec- 
essary contaminants and may decrease Its effectiveness In preventing Immunization to the Rh-factor on the fetai eryth- 

20 rocytes. 

[0042] The substantially pure anti-Rh globulin manufactured by the validatable processes of the present Invention 
is prepared from human plasma which contains albumin, plasminogen, alpha, beta and gamma globulins and various 
lipids. Specifically, the anti-Rh globulin of the Invention is a gamma globulin. 

[0043] The fractionation of human plasma to obtain anti-Rh globulin is carried out according to the methods of com- 
25 monty-assigned U.S. Patent No. 3,449.314 to Pollack et al., the teachings of which patent are hereby incorporated by 
reference herein. With reference to the accompanying flow sheet of Figure 1 , the ability to fractionate human plasma 
Is dependent upon the solubility of the various components of the plasma. At each stage of the fractionation, the 
separation of the fraction and the ultimate removal of those components which are undesirable in the anti-Rh globulin 
are determined by the critical control of pH. temperature, concentration of the precipitant and the ionic strength of the 
30 system. 

[0044] Various organic solvents of low dielectric constant such as acetone and alcohols, precipitate proteins and 
have been used in the fractionation of plasma. The organic solvents utilized in the method of this Invention include the 
various alcohols and acetone, preferably methanol. Methanol is preferable due to its comparatively lower toxicity and 
safer handling (e.g., explosion danger) that other organic solvents. 

35 [0045] In order to prevent denaturation of the proteins during fractionation, precipitation is carried out at low temper- 
atures. Since protein solubility Is temperature dependent, the temperature chosen for each step of the fractionation 
must be the lowest possible which pemiits the desired separation in order to prevent denaturation. 
[0046] Referring to the flowsheet of Figure 1 , the fractionation proceeds from whole human plasma. The plasma is 
cooled to about 1 **C and is then centrifuged to separate a cold insoluble precipitate from a supernatant. The supernatant 

40 is further fractionated to yield Precipitate I and Supernatant I. Precipitate I which consists principally of fibrinogen is 
discarded. Supernatant I is further fractionated to yield Supernatant ll+lll and Precipitate ll-flll. Supernatant 11+111, which 
is discarded, contains alpha and beta globulin and lipids. Precipitate ll+lil consists principally of beta and gamma 
globulins and isoagglutinins, but also contains prothrombin, plasminogen, cholesterol and other lipids. Precipitate 11+111, 
upon further fractionation yields Supematant ll+lll W and Precipitate ll+lilW. The beta globulin, cholesterol and other 

4S lipids are largely removed in Supernatant ll+lll W which is discarded. Precipitate ll+lll W consists principally of gamma 
globulins, Isoagglutinins, plasminogen and prothrombin and some beta globulin, cholesterol and other lipids. Upon- 
further fractionation. Precipitate it+lll W yields Supernatant III + Precipitate 111. Precipitate III, which is discarded, con- 
tains isoagglutinins, plasminogen and prothrombin. Supernatant III consists principally of gamma globulins and minor 
amounts of fibrinogen and lipids. The final step of the fractionation yields Precipitate 11 which is essentially pure gamma 

so G globulin almost completely free of 19S globulin, plasminogen and lipids. Precipitate II prepared by the process of 
the invention is an anti-Rh gamma globulin. 

[0047] In the prefenred methods of the invention, the immunoglobulin starting material for resuspension is the Pre- 
cipitate 1 1 paste from the modified Cohn process. Lyophiiized precipitate 1 1 paste may be used If the protein is lyophllized 
in the presence of excipient such as those contemplated by the instant invention. 
55 [0048] The liquid diluent employed to resuspend the Precipitate II paste in the invention include the pharmaceutically 
acceptable diluents chosen from Water for Injection. U.S. P. ("W.F.I."), nomnal saline U.S.R, or any of a range of suitable 
buffers, the latter of which provides the advantage of providing for a stable pH. Suitable buffers are those selected 
from the group consisting of phosphate buffers, citrate buffers, borate buffers, acetate buffers and glycine buffers at a 
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pH of about 6.4. Preferably the initial diluent is 3X paste by weight of W.F.I, which is later diluted in high ionic strength 
buffer prior to the first nanofiltration. Also suitable as the Initial diluent is the high ionic strength buffer contemplated 
herein. Preferably an ionic strength of 150 nnM +/- 20% is employed, preferably 150mM +/- 20% NaCi Glycine buffer; 
pH 6.4. 

5 [0049] During processing and filtration of the immunoglobulins of the invention, a high ionic strength buffer is pref- 
erably used as a processing aid to decrease the dimer and trimer formation of the Immunoglobulin, allowing more 
complete passage through the filter. The suitable high ionic strength diluents are those recited hereinabove for resus- 
pension diluents, however, at a relatively higher ionic strength and a pH of about 6.4. Preferably such processing aids 
are present at an ionic strength of about 150ml\4 +/- 20% concentration being most preferable, which is about physio- 

10 logical Ionic strength. In the most preferred embodiment of the invention, the high ionic strength processing aid Is 
150mM NaCI-Glycine buffer, pH 6.4. 

[0050] In the processing of the substantially prion- and virus-free immunoglobulins of the invention, the non-ionic 
excipient can conveniently be admixed with the high ionic strength buffer at the commencement of the filtration step 
of the process. Reference is made in this regard to Examples 2A and 3A for preparation of the high ionic strength buffer 
15 containing polysorbate 80. The processing aids of the invention can be adjusted relative to each other such that ionic 
strength content can be reduced if polysorbate 80 concentration is increased. 

[0051] Preservatives may be used In the phamiaceutical products resulting from the processing methods of this 
invention. Preferred preservatives are those phannaceutically-acceptable preservatives such as thimerosol and sodi- 
um azide, the fomrier which may be used at 26-36 ppm, in this invention, 33 ppm (0.003%). However, in the immu- 
20 nogtobulin fomnulations of the invention and particularly the RhoGAM® and MIGRhoGAM® formulations which are 
designed as single use parenterals, it is not necessary to employ preservatives. 

[0052] In the protein concentration and organic solvent removal step of the invention for example using a second 
small pore size nanofiltration filter, for example, a filter from about 10.000K up to about 6O,000K cutoff, for example 
Biomax-50 (50, 00 OK cutoff) filter (Milllpore Corporation, Bedford, MA) filter, the high ionic strength buffer may optionally 
25 be exchanged for relatively low ionic strength, for example 50 mM buffer. This protein concentration step serves to 
concentrate the nanofiltered protein product while removing some of the excipient and the organic solvent. 
[0053] During filtration using the Vlresolve-1 80 membrane system, the transmembrane pressure Is preferably in the 
range of about >0 to about 3.0 psi, most preferably less than about 1 .5 psi. The sieving coefficient will preferably be 
greater than about 60%. 

30 [0054] The processing of the instant invention can be carried out at ambient temperatures. Processing at refrigerated 
temperatures will generally prolong the filtration time as such temperatures (e.g., 1 6-170) will generally increase the 
viscosity. The temperature of the product during processing can be from about 00 or just above to about 450, more 
preferably from about 15"C-30"C. most preferably about 20'»C-25'*C. 
[0055] The following temns as used herein have the meanings ascribed to them as follows: 

35 

Cross Flow Rate: Flow rate In mLVmin of the feed solution across the membrane surface 
Pemrieate: Purified product which passes through the membrane 

Retentate: Material retained by the membrane 

Flux: Permeate Flow Rate/Area 

40 Conversion: Pemrieate Flow Rate/Cross Flow Rate 

Sieving Coefficient: Protein Content of Permeate/Protein Content of Retentate 

[0056] In one embodiment of the instant invention, and with reference to Figure 2, manufacture scale processing to 
result in substantially pure (prion- and virally-cleared) immunoglobulin, for example, RhoGAM®, by nanofiltration pro- 
45 ceeds as follows: 

[0057] Rho(D) Immune Globulin is purified to step "Precipitate II paste" using the Cohn purification method (Cohn 
et al., J. Am. Chem. Soc, Vol. 68, pages 459-475). in which methanol is substituted for ethanol, resuspended in Water 
for Injection (WFI), U.S. P. cooled to from 2-8 C. The volume of W.F.I, is calculated using the following fonnula: 



50 



55 



Precipitate II wt. (kg) X 3 LVkg = Req. Vol. of W.F.I. (L) 
Each kg of Precipitate II paste is resuspended in 3 L of 
W.F.I. 

[0058] The admixture is vortexed (no foaming) for 3-8 hours in Hold Tank - Product (1 ) and stored at 40 until further 
use. Steam In place (SIP) procedure is perfomned on the viral clearance system, which includes installation of a.Vire* 
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solve CIP/SIP module (Millipore Corporation, Bedford, MA) into the viral clearance filter holder (2)and a Pellicon CIP/ 
SIP module (Mittipore Corporation, Bedford, MA) onto the ultrafiltration filter holder (3). The CIP/SIP procedure Is also 
performed on the system and the 50mM NaCI - Glycine Buffer storage tank (4). 

[0059] The Clean in Place (CIP) procedure is a method of cleaning processing equipment without disassembly of 
s the equipment parts. Requirements in the equipment include that all piping is stainless steel, are in proper pitch and 
alignment and have a minimum number of gaskets. Objectives of the CIP are to eliminate manual cleaning and cross 
contamination of lots. The procedure can be validated. Elements of cleaning include time, temperature, chemical and 
mechanical parameters. The type of residue remaining post processing will detemnine the cleaner that is to be used 
in the CIP procedure. A person having ordinary skill in the phannaceutical processing art is familiar with the process 
10 and requirements of CIP. 

[0060] Following the SIP procedure, a Vlresolve-180R module, 20 stack (2) for the approximately 40 L volume of 
resuspended Precipitate II volume Is installed in place of the Viresolve CIP/SIP module (2). (A 10 stack Viresolve-180 
filter is used for 10-16 L» and a 20 stack for >16-40 L final product volume.) Four Biomax-50 cassettes (Millipore 
Corporation, Bedford, MA) are installed in place of the Pellicon CIP/SIP module (3). Two Btomax-50 cassettes are 
IS used with 1 0-1 6 L of resuspended Precipitate II volume, four cassettes are used for >1 6-40 L of volume. The Viresolve- 
180 module is sanitized with chlorine and rinsed until chlorine is determined present <, 0.3 ppm chlorine by the diethyl- 
phenylene diamine (DPD) procedure. 

[0061] A pressure hold test is performed on the module (2) post-sanitation. The module must withstand a minimum 
of 1 0 psi and demonstrate a pressure drop of <, ^ psi over the required 5 minute testing period. 
20 [0062] The Biomax-50 membranes (3) are flushed with WFI, U.S. P. Detenu i nation of Benzalkonium Chloride (Roccal) 
is performed on a final permeated flush sample; the benzalkonium chloride content must be ^1 0 ppm. A diffusion test 
is performed on the Biomax-50 cassettes; release rate is calculated as follows: 



Volume « Time ^ Number ■ Release Rate 

Released (ee) Period <mln) Casseccea ec/mln/eaasecte) 



30 The release rate must be £l 8 cc/m in/cassette. 

[0063] A viral clearance ultrafiltration using a Viresolve-1 80 filters (2) is perfomned on the 50mM NaCI Glycine buffer. 
The viral clearance recirculation tank (T-1) (5) is charged with 50mM NaCI-Glycine buffer. A maximum of 250 L is 
charged with a minimum of 130 L. 

[0064] The buffer Is recirculated in T-1 (5) while collecting the buffer penneate in a tank off-line. 
35 [0065] The viral clearance recirculation tank (T-1 ) (5) is charged with a minimum of 60 L of the 150mM NaCI-Glycine 
buffer to flush the tank and membrane. 

[0066] The Precipitate II resuspension Is processed as follows. Precipitate 11 is mixed at a rate which creates a vortex 
without foaming, for 15-30 minutes until completely suspended. Percent Protein by Refractive Index (mg/ml protein) 
is perfomned using hand held protometer on the Precipitate II resuspension. The required final volume of diluted Pre- 
40 cipitate II to achieve 5.0 mg/ml protein concentration is calculated using the following formula: 

Resuspended Ppt. II Vol. (L) X Actual Protein Cone, (mg/ml) _ ^ p ^ 

5.0 mg^ml - m ■ P \ ) 

45 [0067] The required volume of 150mM NaCI Glycine buffer is calculated using the following formula: 



Req. Dil. Ppt.lt Vol. (L) - Resuspended Ppt. il Vol. (L) Vol. buffer to add (L) 

50 [0068] Buffer is added to diluted Precipitate II and mixed at a speed sufficient to create a vortex without foaming for 
a minimum of 30 minutes. The admixture Is stored at 15-30 C a maximum of 2.5 hours until further processing. 
[0069] The batch of diluted Precipitate It is charged into the viral clearance recirculation tank (T-1 ) (5) for ultrafiltration. 
The TMP setpoint is set at about 3.0. However, it may go higher however if it reaches about 1 2 the membrane may be 
polarized and the retentate should be permitted to wash the membrane (by reducing the permeate). The Viresolve 

55 level setpoint is calculated as follows: 

Total vol. of Diluted PPT II (L)^ ^,3 
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[0070] If the above result is <50, 50 was entered as the Viresolve level setpoint setting. The 1/3 total volume is 
rounded to the nearest whole L. 

[0071] The Ultrafiltration concentration endpoint is calculated as follows: 

Total vol. Diluted PPT H(L)^ cone, endpolnt 

[0072] If the above result is <20, 20 was entered as the cone, endpoint. The ultrafiltration diaflltration endpoint is 
calculated as follows: 

10 

Cone, endpoint - 3 = Diaf Endpoint 
[0073] The diafilter total setpoint is calculated as follows: 

15 

Cone Endpoint X 5.5 = Diafilter total Setpoint (L) 

[0074] To begin the ultrafiltration/concentratlon process, the Viresolve -180 feed puhip (PI) (7) rate is ramped to 
20 75%-83% for the 20 stack, or 37%-42% for the 1 0 stack filter size. The TMP control is engaged; the TMP is controlled 
by the rate of the permeate pump (P2) ; if the transmembrane pressure goes to 3.0 then the pump will slow down. The 
Viresolve permeate pump (P2) (8) rate is ramped slowly up to 18%, or 9% for the 10 stack filters. Once P2 is ramped 
up, a retentate pressure (PT3) of ^ 5,0 psi is maintained. Once the TMP equilibrates, the pump rate range Is set to 9% 
- 1 1 % for the 1 0 stack filter; 1 8% - 23% for the 20 stack filter. The TMP pressure is not controlled; however, it is preferably 
25 relatively low, e.g., at about less than 3.0 psi, or the membrane may become polarized. Should the TMP become higher, 
for example around 12 psi, the permeate may be stopped so the retentate can wash the membrane. The UV meter 
(UV1) (9) should be between the lower limit of 4.0 A.U. and the upper limit of 7.7 A.U. The permeate flow (FT1) is 
between the lower limit of 0.81 liter/min (LPM) and the upper limit of 0.98 LPM; between 0.40 LPM-0.49 LPM for a 1 0 
stack filter. The processing temperature is maintained at about 15-30 C. These conditions are monitored throughout 
30 the viral clearance/ultrafiltration process. The UV meter (UV1 ) (9) is between the lower limit of 6.4 A.U. and the upper 
limit of 7.7 A.U. Sieving coefficient should be about ^75%. 

[0075] When the T-2 (6) volume reaches approximately 75-1 00 L, the Pellicon System (3) is set up and begun mixing. 
The UP feed pump (P5) (1 0) is started/ramped up, and the OF permeate flowrate controlled by the pump rate. The UF 
feed pressure (PT4) and OF retentate pressure (PT5) is maintained as follows : 

35 

UF Feed Pressure: ^30 psi 
UF Retentate Pressure: ^ 10 psi 

A differential is maintained between feed pressure and retentate pressure of ^ 20 psi 

40 

Feed pressure (psi) > retentate pressure (psi) = differential (psi) 

[0076] The volume levels in the diluted Precipitate 11 feed tank T-1 (5) is monitored (by weight) and responded to by 
45 load cells on T-1 . 

[0077] Constant volume diaflltration is performed in T-1 (5). This diaflltration is used to wash the residual protein 
through the system and the Vi resolve- 1 80 membrane thereby increasing the yield. A 3X 150 mM NaCI-Glycine buffer 
diaf iltration is performed; a set amount of buffer is added at the same rate that it Is being removed through the Viresolve- 
180 permeate. Once the diaflltration steps are completed, T-1 (5) and the Viresolve -180 module (2) are sanitized as 

50 described hereinabove, using the chlorine process, insuring that any virus held up will be inactivated. The bulk in T-2 
(6) is concentrated by constant volume diaflltration in T-2 (6), with the virally-cleared 50 mM NaCI - Glycine buffer. This 
step concentrates the bulk product and exchanges the higher ionic strength buffer concentration for a lower ionic 
strength concentration, removes the methanol from the Cohn process, and about half the polysorbate 80. After the 
diafiltration process is completed, the level in T-2 (6) is recorded in liters. A sample is drawn from T-2 (6) to perform a 

55 digital specific conductance determination on the U P permeate sample. The result must fall between 4.95 - 5.67 X 1 0*^ 
mhos/cm. If the requirement is not met on the first test, constant volume diafiltration must be continued until the test 
result is within this required range. 

[0078] T-2 level after the 5.5X diafiltration should be ^ 95% of the resuspended Precipitate 11 volume. If T-2 level Is 
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>95% of the resuspended Precipitate II volume, continue to concentrate the bulk until the T-2 volume meets the upper 
volume level requirement. Once the volume level is met, the UF permeate is shut off (11) and the bulk mixed by recir- 
culation, and a 10.5 ml sample aseptically removed (12). Percent protein detemrilnation is made by refractive index 
using the hand held protometer on a 0.5 ml aliquot of the sample. If the protein concentration is not at least about 5.5%, 
5 the sample must be further concentrated until such minimum percent is met. The bulk is moved to an interim vessel 
and the bulk weight is calculated gravlmetrically using the following fonnula: 

Pilled Interim . Interim Vessel _ Bulk Produce Weighc 
Veseel weighc (kg) Tare Weight (kg) in T-2 (kg) 



[0079] Bulk adjustments can be made by detemnining the volume of 50 mM NaCI-Glycine buffer to add to achieve 
final bulk volume by using the following fonnula: 

15 

Actual % Protein x Bulk Volume (L) ^ j^ed Final Volume (L) 
Desired % Protein (5.0%) nequirea rmai vulume 

[0080] The required volume of 50mM NaCI-Glycine buffer to add is calculated as follows: 

20 

Required Pinal _ Bulk Product . Required Volume of 
Volume (L) volume in T-2 SO mM Nacl -Glycine 

25 

[0081] An initial pH detennination is made on the remaining sample aliquot, by first diluting the aliquot 1:10 with 0.9% 
NaCI and titrated to a pH of 6.3 - 6.4 with 1 :1 00 dilution of 0.5N HCI or 0.5N NaOH. 

[0082] If adjustment is required, the amount of undiluted 0.5N reagent required to adjust the pH of the bulk is calcu- 
lated as follows: 

30 

Required Fizval - Volume of 1:100 » Volume of undiluted 

Volume (i<) titrant required (ml) 0.5N reagent <ml) 

35 

[0083] Integrity testing is performed on the Viresolve-180 fitter module in accordance with accepted methods. The 
integrity test value must be ^1 .2, and the module must be sanitized with chlorine as above and rinsed. 
[0084] 0.5N undiluted reagent calculated using the formula hereinabove and, if desired, 100X thimerosol solution 
are added to the bulk. The required amount of thimerosol solution to add. if desired, is calculated as follows; 

40 

Required Final Bulk volume (L) ^ p,^^,^^ y^,^^^ ^, ^^^^ -mimerosol solution (L) 
[0085] 50 mM NaCI-Glycine buffer Is added to the bulk as calculated by the following formula: 

45 

Required Volume of Tank 2 Level for 

Tank 2 Level (L) 50nM NaCl-Olycine . Required Final 

Buffer (L) Volume of Bulk 



[0086] The bulk is pumped back Into T-2 and continued to mix in T-2 for 10-60 minutes after required final volume 
was reached, then 1 0.5 ml aliquot of bulk product is aseptically removed for detennination of pH. pH must be 6.3-6.4. 
55 If pH is outside of the stated range, an aliquot must be diluted and titrated to the acceptable pH as before and the 
required amount of undiluted 0.5N reagent must be calculated and added back into the bulk while mixing, as herein- 
above. 

[0087] The percent protein is determined by refractive index using the hand-held protometer as above. If the protein 
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10 



15 



concentration is ^ 5.0%, which is acceptable, the bulk may pass through to the next step. If the protein concentration 
Is less than the acceptable percentage, the bulk product Is rejected. 

[0088] The bulk is optionally filtered through a 0.2u Optiseal fitter (1 3), with the pressure not exceeding 1 5 psi during 
the filtration process, then the bulk is microblologically and serologically tested. 

[0089] A clean-in-place procedure, consisting of rinsing with WFI and steam, is perfomned on the viral clearance 

system (CIP procedure described hereinabove). 

[0090] Acceptance criteria for the product are listed in Table 1 . 

TABLE 1 



Characteristrc Requirement 


Protein 


4.0 to 6.0% 


PH 


6.3 to 6.4 


Thimerosol 


24 to 36 ppm 


Polysorbate 80 


80 to 200 ppm 


Methanol Content 


< 50 ppm 



20 



25 



30 



35 



40 



45 



SO 



[0091] In the removal of prions from a product stream, for example, RhoGAM® Ultra- Filtered, the methods of com- 
monly-assigned U.S. Patent No. 6.096,872 can advantageously be employed to remove prion contamination, since 
the size of the fibrils associated with scrapie infectivity is 6 nm in cross-sectional diameter and up to 1000 nm in length, 
the nominal pore size exclusion membrane employed therein (12-18 nm). 

[0092] Known assays for detemilning prion contamination of a sample can advantageously be employed in testing 
for prions following filtration of product in accordance with the instant invention. Several such prion detection assays 
Include ELISA and Western Blot assays, for example those ELISA assays readily obtainable from BloRad, Inc. , Aventis, 
and Caprion, and Western Blot assays readily obtainable from Phonics, Inc. and Q-One, Inc. Also available is the prion 
detection Western Blot assay of Bio Reliance, Inc. used herein. 

[0093] The mode of administration of the preparations of the invention may detemnine the sites and/or cells in the 
organism to which the compound(s) will be delivered. The compounds of the invention can be administered alone but 
will generally be administered in admixture with a pharmaceutical carrier or diluent selected with regard to the intended 
route of administration and standard phannaceutlcal practice. The preparations may be injected parenterally, for ex- 
ample, intra-arterlally or intravenously. The preparations may also be delivered via oral, subcutaneous, or intramuscular 
routes. For parenteral administration, they can be used, for example, in the fomn of a sterile, aqueous solution which 
may contain other solutes, for example, enough salts or glucose to make the solution isotonic. 
[0094] For the oral mode of administration, the compositions of the invention can be used in the fomn of tablets, 
capsules, lozenges, powders, syrups, elixirs, aqueous solutions and suspensions and the like. In the case of tablets, 
carriers which can be used include lactose, sodium citrate, and salts of phosphoric acid. Various disintegrants such 
as starch, and lubricating agents such as magnesium stearate are commonly used in tablets. For administration In 
capsule form, useful diluents are lactose and high molecular weight polyethylene glycols. When aqueous solutions are 
required for oral use, certain sweetening and/or flavoring agents can be added. 

[0095] The substantially pure immunoglobulins of the present invention may be administered to a subject such as a 
mammal, including humans. For administration In the treatment of afflictions, the prescribing physician or veterinarian 
will ultimately determine the appropriate dose for a given human or animal subject, and this can be expected to vary 
according to the weight, age, and response of the individual as well as the nature and severity of the Individual's 
symptoms. 

[0096] In the case of the substantially pure anti-D immunoglobulin of the invention, the per-dose dosage wilt range 
from about 300ug for RhoGAM® and about 50ug for MICRhoGAM®, each of which are administered in accordance 
with the guidelines and for the purposes discussed hereinabove and in the respective product literature. Each of the 
products mentioned above can also be multi-dosed, for a total delivery to be determined by the treating physician. 
[0097] The following examples are provided for the purposes of illustration only and are not to be viewed as a limitation 
of the scope of the Invention. 



EXAMPLES 



55 



EXAMPLE 1 

[0098] Manufacture of virally-cleared RhoGAI^ by ultrafiltration proceeded as follows. 

[0099] Rho(D) Immune Globulin 3.250 KG purified to step "Precipitate It paste" using the modified Cohn purification 
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method (referenced hereinabove) was resuspended in 9.750L of Water for Injection (WFI), U.S. P. cooled to 5C. The 
admixture was vortexed (no foaming) for 4 hours, and stored at AO until further use. The weight of the resuspended 
PPT II was 3.250 Kg. 

[01 00] Following the SIP procedure, a Viresolve-1 80R module (Millipore Corporation) (10 stack) for the approximately 

5 13. OL volume of resuspended Precipitate II volume was installed. Two Biomax-50 cassettes were installed In place of 
the Pellicon CIP/SIP module. The Viresolve-1 80 module was sanitized with chlorine and rinsed. The Biomax-50 mem- 
branes were flushed with WFI, U.S. P. Detemiination of Benzalkonium Chloride (Roccal) was performed on a final 
permeated flush sample; the benzalkonium chloride content was 6 ppm . A diffusion test was perfonned on the Biomax- 
50 cassettes; release rate was calculated as described hereinabove; total volume released was 2 ml in 5 minutes, and 

10 the actual release rate was 0.4cc/minute. 

[0101] A viral clearance ultrafiltration using a Vlresolve-180 was performed on 190,0 L of the SOmM NaCI Glycine 
buffer. The viral clearance recirculation tank (T-1) was charged with 100L of 50mM NaCl-Glycine buffer. The buffer 
was recirculated in T-1 while collecting the buffer pemneate in the previously-sanitized SOmM NaCI • Glycine buffer 
storage tank. Volume of permeated buffer collected was 123.3 L, at 21 .7C, and the collection was completed In 50 

15 minutes. VIrally cleared buffer was stored at ambient temperature of about 25C. 

[01 02] A 1 SOmM NaCI-Glycine buffer (see Example 2A) flush was perfonned by attaching the buffer feed tank to the 
viral clearance recirculation tank (T-l). T-1 was charged with 60 L of the ISOmM NaCl-Glycine buffer to flush. 
[0103] The Precipitate II resuspension was processed as follows. The Precipitate II (3250 g) was mixed at a speed 
creating a vortex without foaming, for 20 minutes, until completely suspended. Percent Protein by Refractive Index 

20 (mg/ml protein) was performed using hand held protometer on the Precipitate II resuspension, and was 49 mg/ml 
(about 5.0% protein). 

[0104] The required volume of diluted precipitate It was calculated to achieve a protein concentration of 5.0 mg/ml: 

25 Actual Ppt. II Vol, tD X 

Actual Protein Cone, (wo /mil = Req. Dil. Ppc. II 
S.O mg/inl Vol. (L) 

30 OR 

(13.0 L)x (49.0 mg/ml) ^ ^37.4 L Dll. Ppt. II vol. 

35 [0105] The required volume of ISOmM NaCI Glycine buffer containing 20 ppm polysorbate 80 (see Example 1 A) was 
calculated using the following fonnula: 



Reg- Dil. ppt. II Vol. (L) - . Vol. buffer to 

40 

Resuppended Ppt. Il Vol. (L) add <L) 

OR 

(127.4 L) - (13.0 L) = 1 14,4 L Buffer to add 

[01 06] 1 1 4.4L of buffer was added to 13L of diluted Precipitate II and mixed at a speed sufficient to create a vortex 
without foaming for 45 minutes. 

50 [0107] The viral clearance recirculation tank was charged with 1 0O.OL of diluted Ppt.ll. The viral clearance recircu- 
lation tank (Pump No. 1) was started at a feed pump rate of 40% for the 10 stack Viresolve-1 80 module being used. 
The viral clearance permeate pump flow rate (Pump No. 2) was ramped to 0.450LPM (1 0.0%) for the 10 stack module 
to maintain an initial transmembrane pressure (TMP) of < 1 .6 psi. The actual pressure maintained was 1 .6 psi. The 
product pump rate (Pump No. 3) was adjusted to level control. The TMP was maintained at < 3.0 psi throughout the 

55 process by monitoring the protein concentration on the retentate side of the viral clearance recirculation tank. The in- 
line UV monitor was observed and maintained at a range of 6.4-7.7 absorbance units to correspond to a protein content 
on 4.5 - 5.5 mg/ml. 

[0108] After approximately 75 L of permeate from the viral clearance tank was charged into the ultrafiltration tank 
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(UF), the ultrafiltration feed pump (Pump No. 5) was started at 10%. The pump speed was increased (to 30%) until 
the UF permeate flow rate equals the flow rate of the viral clearance penneate, then set at 25% to maintain the volume. 
The UF permeate flow rate was 0.4 LPM and the VC penneate flow rate was 0.460 LPM. The UF tank constant volume 
maintained was 75.3 L. The UF Feed pressure was 5.4 psi, the UF penneate pressure 0.2 psi and the UF retentate 

5 pressure 0.3 psi. 

[0109] Constant volume diaflltratlon was perfomned in T-1 once the tanl< contained about 1 5-20 L. Diafiltratlon was 
maintained with a minimum of three buffer exchanges of 150 mM NaCI Glycine buffer (about 60L total volume). The 
viral clearance tank pumps and mixer were turned off when the diafiltratlon was completed. The VC recirculation tank 
constant volume was 1 6.2 L maintained. The total buffer volume exchanged was 49 L. The viral clearance diafiltratlon 
was completed in about 4 hours from the time the UF feed pump had been initiated. 

[0110J The bulk in T-2 was recirculated and thereby concentrated by constant volume diafiltratlon in T-2, with the 
virally-cleared lot of 50 mM NaCI - Glycine buffer (containing no polysorbate 80). The bulk was thereby concentrated 
to about the original starting volume of resuspended Ppt II. The permeate valve was fully open, and the UF feed pump 
rate was 65%; the feed pressure was maintained below 30 psi and the pressure differential maintained at 14 - 17 psi 

IS by applying back pressure to the retentate loop. The UF constant column maintained was 20 L and the total buffer 
volume exchanged was 110L. A sample was drawn from T-2 to perform a digital specific conductance determination 
on the UF penneate sample. The result was 5.29 X lO"^ mhos/cm. Once the volume level was met, the UF permeate 
was shut off and the bulk mixed by recirculation, and a 10.5 ml sample was aseptically removed. Percent protein 
detemnination was made by refractive Index using the hand held protometer on a 0.5 ml aliquot of the sample. The 

20 protein concentration was 4.8%. 

[01 1 1 ] The required final volume of the bulk to achieve a 5% protein content was calculated as follows: 



25 



30 



43 



50 



55 



OR 



Actual % Protein X Bulk Volume (L) ^ p.^^, 

Desired % Protein (5,0%) ^ ^ ' 



^'^'^''''''50%^ '^^^ = ^ -^^^ ^ Required Volume 



[01 12] The bulk was further concentrated to meet the required 5% protein concentration to a final volume of 1 1 .424. 
[0113] An Initial pH determination was made on the remaining sample aliquot, by first diluting the aliquot 1 :10 with 
0.3% NaCI and titrated to a pH of 6.3 - 6.4 with 1 :100 dilution of 0.5N HCI or 0.5N NaOH. pH was 6.58. 
[01 14] To adjust the pH, 1 .8 mL of titrant 0.5N HCI in 0.9% NaCI was added, and the final pH was 6.31 . If adjustment 
35 Is required, the amount of undiluted 0.5N reagent required to adjust the plH of the bulk is calculated as follows: 

Required Final - voluioe of IsXOO ■ Volume of undiluted 

Volume (ti) tlcrant required (ml) 0.5K reagenc (ml) 

40 

OR, in this case: 

1 1 ,424 L X 1 .8 ml = 20.563 ml undiluted 0.5N reagent 

[01 1 5] Integrity testing was perfomried on the Viresolve-1 80 filter module in accordance with accepted methods. The 
Integrity test value must be ^1 .2, and the module must be sanitized with chlorine as above and rinsed. 
[0116] The required volume of 100X Thimerosol Solution was calculated: 

Actual Cone. 1 0OX Thimerosol ppm ^ ^^^^ ^^^^ Thimerosol (g/L) 



OR 



000 = 3,439 g/L actual cone, of 1 0OX Thimerosol 
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Req. Final vol. (D X 

n.o^o/L X ipoo ml/L a Req. Volume 10 OX Thimeroeol 

5 Accual cone, xoo X 

Thimerosol g/i* 



10 



15 



(11.424) L X o,a3g/L X 

1000 ml/Ii B 99.7 ml of lOOX Thimerosol Required 



3.439 9/X. 



[01 1 7] While constantly mixing the bulk, 99.7 ml of 1 0CX Thimerosol was added. 

[01 1 8] The bulk was adjusted to the calculated required final volume with 0.70 L of viral ly-cleared 50mM NaCI-Glyclne 
Buffer and mixed for ten (1 0) minutes. 

[0119] A 1 0.5 ml aliquot of bulk product was aseptlcally removed for detemn [nation of pH, pH must be 6.3-6.4. Actual 
20 pH was 6.54. Since pH was outside of the stated range, an aliquot was diluted and titrated to the acceptable pH as 
before and the required amount of undiluted 0.5N reagent must be calculated and added back Into the bulk while 
mixing, as hereinabove. 



25 



30 



35 



40 



45 



SO 



55 



11.5 Ja 

Required Final X 
volume (L) X 1.7 ml* 



1.7 irtL 

Volume of t 
Is 100 cicraxLC 
required 



20.2 mZi Volume 

of undiluted O.SN 
reagenc required (mL) 



Volume of titrant was 1 .7 mL to reach a final pH of 6.35 

[01 20] Final protein product met the acceptance criteria as follows: 

Protein = 5.0% 
pH = 6.3 

Polysorisate 80 on two tests (Aq^q) was 104.6 and 106.7; average was 105.7. 
Methanol Content as measured by gas chromatogram was 32.4 ppm. 

EXAMPLE 1 A 

[0121] The 150mM NaCI-Glycine buffer employed in Example 1 was prepared as follows: 
[01 22] The appropriate amount of buffer to prepare was calculated as follows: 

[Resuspended Paste Volume (L) X 10L] X 2 + 60 = Approx. Vol. of Buffer to prepare 

[1 3 L X 1 0 L] X 2 + 60 320 L of buffer to prepare 

[01 23] The amount of materials required were determined and measured to a calibrated depyrogenated container: 

TABLE 2 



Material 


Required Cone. 


X Lot Size = Required Amount 


NaCI 


8.87 g/L 


320 L 


2,838.4 g 
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TABLE 2 (continued) 



Material 


Required Cone. 


X Lot Size = Required Annount 


Anninoacetic Acid 
Polysorbate 80 


15.01 g/L 
0.02 g/L 


320 L 
320 L 


4,803.2 g 
6.4 g 



[0124] The polysorbate weighing vessel was rinsed several times with a total of approximately 2 liters of Water for 
Injection, U.S. P. and each rinse aliquot was added to the batch. A total of 1 0 L was added. The amount of the following 
materials were determined: 

10 

TABLE 3 



Material 


Required Cone. 


X Lot Size = Required Amount 


1.0N NaOH 


0.125 ml/L 


320 L 


40 ml 



15 

[0125] The admixture was diluted to volume with Water for Injection, U.S.P. and the final quantity was mixed for 60 
minutes. The pH was determined; requirement was 6.3-6.5, The pH was 6.46. If the requirement was not met it is 
necessary to add 1 .ON HCi or 1 .ON NaOH until the required pH is obtained; the solution should be mixed for 15 - 30 
minutes after each addition and the pH detemriination confinned. 
20 [0126] Digital Specific Conductance Detenmination was performed; the requirement at 25C is 14.15 to 15.59x 10*^ 
mhos/cm. The result was 15.38 X 1 0*^ mhos/cm. If the requirements was not met It is necessary to discard and prepare 
fresh reagent. 

[01 27] The polysorbate 80 measurennent was performed; the test sample must be 1 5 to 24 ppm polysorbate 80. The 
concentration was 22.8 ppm. 

25 

EXAMPLE 2 

[01 28] Manufacture of virally-cleared RhoGAM® by ultrafiltration proceeded as in Example 2 above with the following 
modifications: 

30 [0129] Rho(D) Immune Globulin 6.802 Kg purified to step "Precipitate II paste" using the modified Cohn purification 
method was resuspended in 20.406L of Water for Injection (WFI), U.S.P. cooled to 4C. The admixture was vortexed 
(no foaming) for 4 hours, and stored at 4C until further use. 

[0130] Following the SIP procedure, a Viresolve-1 80R module (Mlllipore Corporation) (20 stack) forthe approximately 
27.208L volume of resuspended Precipitate II volume was Installed. Two Biomax-50 cassettes were installed in place 

35 of the Pellicon CIP/SIP module. The Viresolve-1 80 module was sanitized with chlorine and rinsed as described here- 
inabove. The Biomax-50 membranes were flushed with WFI, U.S.P. Determination of Benzalkonium Chloride (Roccal) 
was perfomned on a final permeated flush sample; the benzalkonium chloride content was 8 ppm. A diffusion test was 
perfomied on the Blomax-50 cassettes; release rate was calculated as described hereinabove; total volume released 
was 22 cc in 5 minutes, and the actual release rate was 4.4 cc/minute. 

"fo [0131] A viral clearance ultrafiltration using a Viresolve-1 80 was performed on 245 L of the 50mM NaCI Glycine 
buffer. The viral clearance recirculation tank (T-1) was charged with 245L of 50mM NaCI-Glycine buffer. The buffer 
was recirculated in T-1 while collecting the buffer penneate in the previously-sanitized 50mM NaCI - Glycine buffer 
storage tank off line. Volume of permeated buffer collected was 213 L. Virally cleared buffer was stored at ambient 
temperature of about 63-78F. 

45 [01 32] A 1 50m M NaCI-Glycine buffer (see Example 2A for preparation) flush was perfomned by attaching the buffer 
feed tank to the viral clearance recirculation tank (T-1). T-1 was charged with 60 L of the 150mM NaCI-Glycine buffer 
to flush. 

[0133] The Precipitate II resuspension was processed as follows. The Precipitate II (6.802 Kg) was mixed at a speed 
creating a vortex without foaming, for 55 minutes, until completely suspended. Percent Protein by Refractive Index 
50 (mg/ml protein) was perfomned using hand held protometer on the Precipitate II resuspension, and was 59 mg/ml. 
[01 34] The required volume of diluted precipitate II was calculated to achieve a protein concentration of 5.0 mg/ml: 

Accual Ppt. II Vol. <L) X 

Actual Protein Cone- (ma/ml\ = Req. Dil . Ppt . II 
5,0 ms/ml Vol. (L) 
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OR 

(27.208 L)X (59.0 mg/hil)^ 32^ ^ pp, „ 

5 

[0135] The required volume of 150mM NaCI Glycine buffer was calculated using the following formula: 
Req. Dll. Ppt.ll vol. (L) - Resuspended Ppt. II Vol.(L) = Vol. buffer to add (L) 

10 

OR 

(321 .054 L) - (27.208 L) = 293.846 L Buffer to add 

IS 

[01 36] The protein concentration was about 5.9%. 

[0137] Buffer (293.846L) was added to 27.208L of diluted Precipitate II and mixed at a speed sufficient to create a 
vortex without foaming for 30 minutes. 

[0138] The Viral clearance recirculation tank was charged with 1 07L of diluted Ppt.ll. The viral clearance recirculation 
20 tanic (Pump No. 1 ) was started at a feed pump rate of 80% for the 20 stack Viresolve-1 80 module being used. The viral 
clearance pemneate pump flow rate (Pump No. 2) was ramped to 0.91 LPM (20%) for the 20 stack module to maintain 
an Initial transmembrane pressure (TMP) of < 1 .6 psi. The actual pressure maintained was 1 .2 psi. The product pump 
rate (Pump No. 3) was adjusted to level control rate. The TMP was maintained at < 3.0 psi throughout the process by 
monitoring the protein concentration on the retentate side of the viral clearance recirculation tank. The in-line UV 
25 monitor was observed and maintained at a range of 6.4-7.7 absorbance units to correspond to a protein content on 
4.5 - 5.5 mg/ml. 

[0139] After approximately 75 L of permeate from the viral clearance tank was charged into the ultrafiltration tank 
(UP), the ultrafiltration feed pump (Pump No. 5) was started at 10%. The pump speed was increased (to 25%) until 
the UF pemneate flow rate equals the flow rate of the viral clearance permeate, then set at 25% to maintain the volume. 
30 The UF permeate flow rate was 0.91 LPM and the VC permeate flow rate was 0.91 LPM. The UF tank constant volume 
maintained was 152 L. The UF Feed pressure was 4.0 psi, the UF penmeate pressure 0.1 psi and the UF retentate 
pressure 0.7 psi. 

[0140] Constant volume diafiltration was perfomned in T-1 once the tank contained about 15-20 L. Diafiltratlon was 
maintained with a minimum of three buffer exchanges of 150 mM NaCI Glycine buffer (about 60L total volume). The 
35 viral clearance tank pumps and mixer were turned off when the diafiltration was completed. The VC recirculation tank 
constant volume maintained was 15 L. The total buffer volume exchanged was 45 L. 

[0141] The bulk in T-2 was recirculated and thereby concentrated by constant volume diafiltration in T-2, with the 
virally-cteered lot of 50 mM NaCi • Glycine buffer. The bulk was thereby concentrated to about the original starting 
volume of resuspended Ppt 11. The pemneate valve was fully open, and the UP feed pump rate was 70%; the feed 

40 pressure was maintained below 30 psi and the pressure differential maintained at 14 - 1 7 psi by applying back pressure 
to the retentate loop. The UF constant column maintained was 22 L and the total buffer volume exchanged was 121 .2L. 
A sample was drawn from T-2 to perform a digital specific conductance determination on the UF permeate sample. 
The result was 5.47 X 1 0-^ mhos/cm. Once the volume level was met, the UF permeate was shut off and the bulk mixed 
by recirculation, and a 1 0.5 ml sample was aseptically removed. Percent protein determination was made by refractive 

45 Index using the hand held protometer on a 0.5 ml aliquot of the sample. The protein concentration was 7.9%. 

[0142] The bulk from T-2 was removed into an interim bulk vessel, and the full vessel weighed (gross weight) The 
bulk was returned to T-2, and the empty interim bulk vessel was weighed: 

Gross Weight (Kg) - Empty Vessel Weight (Kg) = Bulk Weight (Kg) 

OR 

58.1 80 (Kg) - 25.24 Kg = 32.94 Kg Bulk Weight 
[0143] The required final volume of the bulk to achieve a 5% protein content was calculated as follows: 
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Actual % Protein X Bul k Volume (L) q^«..s^^h ci^oi n \ 

=r — : — . „ — r—. — . — ^-^ = ReQuirecl Final Vol (L) 

Desired % Protein (5.0%) ^ ^ ' 

OR 

5 

tL5J^|^pl^= 34.128 L Required volume 

[0144] An initial pH determination was made on the remaining sample aliquot, by first diluting the aliquot 1 :10 with 
10 0.9% NaCI and titrated to a pH of 6.3 - 6.4 with 1:100 dilution of 0.5N HCI orO.SN NaOH. pH was 6.55. 

[0145] To adjust the pH, 1 .35 mL of titrant 0.5N IHCI in 0.9% NaCI was added, and the final pH was 6.35. If adjustment 
is required, the amount of undiluted 0.5N reagent required to adjust the pH of the bulk is calculated as follows: 

15 ReqfQired Finel - Volume of 1:100 o Volume of xiXidiluted 

Volunte (X') titrant required (ml) O.SM reagent (ml) 



20 



30 



35 



45 



50 
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OR, In this case: 

34.128 L X 1.35 ml = 46.1 ml undiluted 0.5N reagent 



[0146] Integrity testing was perfomned on the Viresolve-1 80 filter module in accordance with accepted methods. The 
25 Integrity test value must be ^1 .2, and the module must be sanitized with chlorine as above and rinsed. 
[01 47] The required volume of 1 0OX Thimerosol Solution was calculated: 



Required Final Bulk volume (L) ^ ^^q^.^^^ ^ Thimerosol Solution (L) 

OR 

34.128 L = .341 L of 100X Thimerosol Solution (L) 



[0148] While constantly mixing the bulk, the 341 mL of 1 0OX Thimerosol was added. The bulk was adjusted to the 
calculated required final volume with 0.801 L of vi rally -cleared 50mM MaCI-Glycine Buffer and mixed for ten (10) 
minutes. 

[0149] A 10.5 ml aliquot of bulk product was aseptk^ally removed for determination of pH. pH must be 6.3-6.4. Actual 
40 pH on two readings was 6.38 and 6.345. 

Final protein product met the acceptance criteria as follows: Protein = 5.3% 



pH = as above 

Methanol content as determined by gas chromatogram was 53.9 ppm 
Polysortsate 80 = 101 .7 ppm, 102.2 ppm on two tests; average was 101 .9 ppm. 

EXAMPLE 2A 

[0150] The 150mM NaCI-Glycine buffer employed in Example 2 was prepared as follows: 
[01 51] The appropriate amount of buffer to prepare was calculated as follows: 

[Resuspended Paste Volume (L) X 1 0L] X 2 + 60 = Approx. Vol. of Buffer to prepare 
[27.208 LX10L]X2 + 60 = 604. 1 6 L of buffer to prepare 
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[0152] The amount of materials required were determined and measured to a calibrated depyrogenated container: 



TABLE 4 



Material 


Required Cone. 


X Lot Size = Required Amount 


NaCI 

Aminoacetic Acid 
Polysorbate 80 


8.87 g/L 
15,01 g/L 
0.02 g/L 


604.16 L 

604.16 L 
604.16 L 


5,358,90 g 
9,068,44 g 
12.08 g 



^0 [01 53] The polysorbate weighing vessel was rinsed several times with a total of approximately 2 liters of Water for 
Injection, U.S. P. and each rinse aliquot was added to the batch, and qs to 604.1 6L. The amount of the following materials 
were determined: 



TABLE 5 



Material 


Required Cone. 


X Lot Size = Required Amount 


1.0N NaOH 


0.126 ml/L 


604.16 L 


75.52 ml 



[0154] The admixture was diluted to volume with Water for Injection, U.S. P. and the final quantity was mixed for 60 
20 minutes. The pH was detennined; requirement was 6.3-6.5, The pH was 6.38. If the requirement was not met it is 
necessary to add 1 .ON HCI or 1 .ON NaOH until the required pH is obtained; the solution should be mixed for 15 - 30 
minutes after each addition and the pH determination confirmed. 

[0155] Digital Specific Conductance Detemfiination was performed; the requirement at 25C is 14.15 to 15.59 x 10 
mhos/cm. The result was 1 5.1 8 X 1 0~^ mhos/cm. If the requirements was not met it is necessary to discard and prepare 
25 fresh reagent. 

[0156] The polysorbate 80 measurement was performed; the test sample must be 1 5 to 24 ppm polysorbate 80. The 
concentration was 19.5ppm. 

COMPARATIVE EXAMPLES 

30 

POLYSORBATE 80 VERSUS NO POLYSORBATE 80 
COMPARATIVE EXAMPLE 1 A - CONTAINING POLYSORBATE 80 

35 [01 57] Precipitate 1 1 paste (1 Og) was suspended in 30 ml of WFI. Such resuspended paste (40 ml) was admixed with 
360 ml of 150mM NaCI-Glycine buffer (diluting 10X) containing 100 ppm (0.1 g/L) Polysortaate 80 for a total volume of 
400 ml. Permeate flow through the Milllpore Multiplex pumping platfomi (1/3 sq. ft. module) was run at 21 .8 ml/minute 
while flux was 0.06 ml/min./cm sq. After 39 minutes of running, the transmembrane pressure remained below 1 .3 psi 
with the sieving coefficient greater than 80%. Free passage of the IgG polyclonal anti-D material was insured using 

40 high ionic strength buffer system with polysorbate 80. 

COMPARATIVE EXAMPLE IB - CONTAINING NO POLYSORBATE 80 

[01 58] Precipitate 1 1 paste (1 Og) was suspended in 30 ml of WFI . Such resuspended paste (40 ml) was admixed with 
45 360 mi of 1 50mM NaCI-Glycine buffer (diluting 1 0X) containing no polysorbate 80, for a total volume of 400 mt. Permeate 
flow through the Milllpore Multiplex pumping platform (1/3 sq. ft. module) was run at 21 .8 ml/minute while flux was 0.06 
ml/min./cm sq. After 39 minutes of running, the transmembrane pressure was at 6.1 psi with the sieving coefficient 
rapidly reduced to approximately 60%. Free passage of the IgG polyclonal antl-D material was Insured using high Ionic 
strength buffer system with polysorbate 80. 
50 [01 59] Results of this comparative study show the necessity for presence polysorisate 80 in the high ionic strength 
buffer system. 



55 
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COMPARATIVE EXAMPLE 2 

LOW IONIC STRENGTH VERSUS HIGH IONIC STRENGTH BUFFER 

5 COMPARATIVE EXAMPLE 2A > LOW IONIC STRENGTH BUFFER 

[0160] Precipitate II paste (1 .35g) was suspended in 4.5ml of WFI. Such resuspended paste (5.0 ml) was admixed 
with 45 ml of 50mM NaCI-Glycine buffer containing 0.1 g/L polysorbate 80, for a total volume of 50 ml. Permeate flow 
through the Viresolve*1 80 Small Area Module (SAM, 1 0 sq.cm.) (Millipore Corporation, Bedford, MA) was run at cross 
10 flow of 15.6 ml/mlnute while flux was 0.64 ml/mln./cm sq. After 28 minutes of running, the sieving coefficient rapidly 
reduced to approximately 31%. 

COMPARATIVE EXAMPLE 28 - HIGH IONIC STRENGTH BUFFER 

15 [01 61] Resuspended precipitate II paste (46.0 ml) in 50mM NaCL-glyclne buffer containing 1 00 ppm (0.01 %) polys- 
orbate 80 from Comparative Example 2A, to which 0.29 g of NaCI had been added bringing it to 1 50mM NaCI-glycine 
buffer was employed. Permeate flow through the Viresolve-180 Small Area Module (SAM, 10 sq.cm.) (Millipore Cor- 
poration, Bedford, MA) was run at 15.6 ml/minute while flux was 0.64 ml/min./cm sq. After 40 minutes of running, the 
sieving coefficient at 86%. 

20 [01 62] Results of this comparative study of low versus high ionic strength buffer systems as disclosed in Comparative 
Examples 2A and 2B demonstrates that the ionic concentration of the buffering system during processing has a meas- 
urable and significant impact on the protein's passage point through the Viresolve membrane. 

COMPARATIVE EXAMPLE 3 

25 

LYOPHILIZED PRECIPITATE M PASTE PRODUCT DISSOLVED IN WFI. LOW IONIC STRENGTH 
SUMMARY 

30 [0163] A human IgG product was tested with the Viresolve/1 80 1/3ft2 module to detemnine the performance attributes 
of the membrane with this molecule. Two types of experiments were conducted; flux excursion and volume reduction. 
The initial testing provided basic membrane data by measuring the protein sieving as a function of flux. The data from 
the flux excursion were used for the volume reduction experiment to mimic a process run. No protein passage was 
seen during the flux excursion for the product in water For Injection (WFI). The subsequent experiments utilized the 

35 product In glycine buffer (containing 0.01% polysorbate-80). A protein mass recovery of 89.1% was achieved using 
this solution with an 83.3% volume increase. 

OBJECTIVE 

40 [01 64] The experiments were perf omried to evaluate the sieving coefficient and protein mass recovery of the product 
when processed through the Viresolve/1 80 module. The data generated by these experiments were used to detemnine 
system operating conditions. 

EXPERIMENTAL 

45 

[01 65] The Initial experiment was conducted In a cold room at 4''C using the product dissolved in WFI. All subsequent 
experiments were conducted at room temperature with 1/3 ft^ Viresolve/1 80 modules. All total protein concentrations 
were determined by reading the optical density (O.D.) at 280 nm. All samples were diluted in and read against product 
buffer. 

50 

Flux Excursion 
[0166] 

55 1) The system was assembled as shown in Figure 3A using Viresolve/1 80 module #0010 from lot #K2EM0536 

(Millipore Corporation, Bedford, MA). 

2) 500 mL of Precipitate II lyophilized powder that had been lyophilized in WFI, at a concentration of approximately 
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1% protein, was pumped into a 1000 mL capacity feed bag. A sample of the product was taken to detemiine the 
Initial protein concentration. The bag was connected to the system and the tubing was primed to remove air. 

3) The product was recirculated for 30 minutes at a cross flow rate of 500 mUmln. (Permeate pump was off.) 

5 

4) A 1 mL sample was drawn from the retentate port to determine If significant protein adsorption had occurred 
(RO). Note: All samples taken were 1 mL unless otherwise noted. 

5) Penneate flow was Initiated at a flow rate of 1 .09 mL/mIn (J=0.003 mL/mln/cm2). Pemrieate flow was controlled 
10 by a Watson Marlow 503U pump with a 308I\4C/A pump head. Product was recirculated back to the feed loop for 

35 minutes. 

6) After the 35 minute recirculation, one retentate (R1) and one pemrteate (P1 ) sample were collected. At this point, 
the process was removed from the cold room and placed at room temperature. The recirculation was continued 

15 at the same flow rates for 30 minutes. 

7) After the 30 minute recirculation at room temperature, one retentate (R2) and one pemneate (P2) were collected. 

8) The cross flow was then increased to approximately 600 ml7min and allowed to recirculate for 15 minutes. One 
20 retentate (R3) and one pemrieate (P3) sample were collected. 

9) The product was diluted to 0.5% with the product buffer. The cross flow rate and the permeate flow rate remained 
constant. One retentate (R4) and one penneate (P4) were collected after a 20 minute recirculation. 

2S 10) Two additional permeate flux rates were tested. 0.005 mL/mln/cm^ (1 .82 mUmIn) and 0.01 mUmin/cm^ (3.63 

mL/min). Each was allowed to recirculate for at least 30 minutes. 

Combined Flux Excursion and Volume Reduction 

30 [0167] A second experiment was perfonned on the human IgG dissolved In glycine buffer. 

1 ) The system was assembled as shown in Figure 3A using Viresolve/1 80 module #0009 from lot #K2EM0536. 

2) 990 mL of product at approximately 0.1% were pumped into a 1 L capacity feed bag. A 1 mL sample was drawn 
35 to detennlne the actual protein concentration. Note: All samples taken were 1 mL unless otherwise noted. The 

bag was connected to the system and the tubing was primed to remove air 

3) The product was recirculated for 30 minutes at a cross flow rate of 50 mUmln. (Pemneate pump was off). Cross 
flow rate was controlled by a Watson Mariow 503U pump with a 501 RL pump head. After recirculation, a sample 

40 (RO) was collected to test for protein adsorption. 

4) Four permeate flux rates were tested: 0.003, 0.005, 0.030, and 0.050 mL/mln/cm^. The product was allowed to 
recirculate for 30 minutes at each permeate flux rate. The cross flow was increased to 600 mUmin for the 0.05 
mL/mln/cm^ flux rate. After 30 minutes, one pemneate and one retentate sample were drawn. 

45 

5) After the conclusion of the flux excursion portion of the experiment the pemneate pump was shut off. The system 
was re-configured as seen In Figure 3B. An Initial sample was drawn of 15 mL. 

6) The product was then processed at a flux of 0.05 mL/mln/cm^ (18.2 mL/min). Note: The measured flux was 
50 0.043 mL/mln/cm^ (1 5.7 mL/mIn). 

7) Retentate and penneate samples were collected at 100, 250, and 500 mL of product processed. 

8) Diafiltration (at the permeate flow rate) with the product buffer was Initiated after processing 645 mL of the IgG 
55 solution. This diafiltration continued for a total of 500 mL processed through the Viresolve/1 80 module. Retentate 

and permeate samples were collected at 745, 895, and 1145 mL processed. 

9) The remaining solution was processed in the volume reduction mode down to the hold-up volume of the system. 
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Retentate and permeate samples were taken at 1245, and 1475 mL of total processed volume. 

1 0) A final diaf iltration step was perfonned to recover product concentrated in the hold-up volume. Oiafiltration was 
continued for a total of four, 50 mL volumes. Each diaf Iltration volume was collected separately. 

11) A sample of the pooled, bulk pemrieate and a sample from each pooled diafiltration volume was collected. A 
final retentate sample was also drawn at the conclusion of the experiment to detemnlne the concentration of the 
product remaining in the feed bag. 

RESULTS 

Flux Excursion 

[0168] No product passage was observed during the initial flux excursion experiment. The process was placed at 
room temperature (Initially at 4°C) In a effort to Improve product solubility. No increase in product passage was seen. 
Other methods of Inducing protein passage Included raising the cross flow, diluting the product, and increasing the 
pemieate flux rate to force protein passage. The sieving coefficient remained zero for all of the test conditions. 
[0169] The initial product sample was suspended In WFI. The solution appeared hazy and a solubility problem as 
suspected. Additional product was then dissolved in glycine buffer; this solution was used for the remainder of the 
testing. 

Combined Flux Excursion and Volume Reduction 

[01 70] Table 6 displays the results of the flux excursion experiment performed on the IgG suspended in glycine buffer. 
The table represents data collected on product at approximately 0.1% total protein. The table presents product con- 
centration values in temns of absorbance units (AU). A dilution factor has been calculated into the values. 

Initiat Concentration : 1 .68 AU 
RO Concentration : 1 .81 AU 



TABLE 6 



Flux mL/mln/cnn2 


Concentration 


Sieving Coefficient (%) 


1 /Conversion 


Retentate 


Penneate 


0.003 


1.80 


0.88 


48.9 


458.7 


0.005 


1.97 


0.89 


45.2 


264.6 


0.030 


1.96 


1,05 


53.6 


45.9 


0.050 


1.99 


1.07 


53.8 


27.5 



[0171] The sieving coefficient versus flux curve for the IgG in glycine buffer is plotted in Figure 4. 
[0172] The following are the product concentration data (AU) from the volume reduction experiment. 



Initial Process Volume: 
Initial Concentration: 
Cross Flow Rate: 
Measured Flux: 
Bulk 1 Penneate Volume: 
Process Diafiltration Volume: 
Bulk 2 Pemieate Volume: 



963 mL 

-0.1% (1 .80 AU) Total Protein 
600 mL/min 

0.043 mLymln/cm2 (Flow Rate: 15.7 mL/mIn) 
645 mL 
500 mL 
330 mL 



[01 73] Table 7 provided the protein concentration and sieving coefficient data collected during the volume reduction 
experiment. The table presents product concentration values in temns of absorbance units (AU). A dilution factor has 
been calculated into the values. 
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TABLE 7 



10 



15 



20 



25 



30 



Volume Processed (mL) 


Concentration (AU) 


Sieving Coefficient (%) 


Retentate 


Permeate 


100 


1.80 


1.04 


57.8 


250 


2.02 


1.03 


51.0 


500 


2.55 


0.99 


36.8 


745* 


3.03 


1.07 


35.3 


895* 


Dilution Error 


Dilution Error 




1145* 


1.97 


0.54 


27.4 


1245 


2.34 


0,63 


26.9 


1475 


Dilution Error 


0.99 





[0174] Table 8 provides the total protein concentration data from each step of the volume reduction experiment. A 
dilution factor has been calculated into the values. 

TABLE 8 



Process Step 


Total Volume (mL) 


Concentration (AU/mL) 


Bulk 1 Pemneate 


645 


1.15 


Process Diafiltration 


500 


0.81 


Bulk 2 Permeate 


330 


0.68 


1st Diafiltration 


53 


0.84 


2nd Diafiltration 


60 


0.59 


3rd Diafiltration* 


50 


0.50 


4th Diafiltration 


100* 


0.44 



35 



*4th Diafiltration plus final volume reduction. 

[01 75] The sieving coefficient versus volume filtered curve for the volume reduction experiment is plotted in Figure 5. 
DISCUSSION 
^0 Protein Mass Recovery 
[0176] 



45 



Q = ("^9 protein process)+(mg protein diafiltration)+(mg protein pemneate samples) 

^ (mg protein initial)-(mg protein retentate samples) 



TABLE 9 



so 



55 



Volume Reduction 


Process Step 


Total Volume (mL) 


Concentration (AU/mL) 


Protein Mass (AU) 


Initial 


963 


1.80 


1733.4 


Bulk 1 Pemneate 


645 


1.15 


741.8 


Process Diafiltration 


500 


0.81 


405.0 


Bulk 2 Pemneate 


330 


0.68 


224.4 



22 
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TABLE 9 (continued) 



Volunne Reduction 


Process Step 


Total Volume (nriL) 


Concentration (AU/nnL) 


Protein Mass (AU) 


1st Diafiltration 


53 


0.84 


44.5 


2nd Diafiltration 


60 


0.59 


35.4 


3rd Diafiltration 


50 


0.50 


25.0 


4th Diafiltration* 


100 


0.44 


44.0 



*4th Diafiltration plus final volume reduction. 



15 



Total Protein Mass of Retentate Samples: 20.6 AU 
Total Protein Mass of Permeate Samples : 6.2 AU 



20 



Recovery with no diafiltration 



(741. a AU+405.0 AU + 
(1'733.4 AU - 20.6 AU) 



25 



Recovery with one diafiltration » (1733.4 Aa-20.6 AU) 100 » 83.0% 



30 Recovery with two diafiltration - (1377>4 AU4.44 .5 . AU^as .4 atj) loo » 85,1% 

(1733.4 AU-20.6 AU) 



35 



(1377.4 Aa^44.S AU 

Recovery with, three diafiltration » 3S.4 AU 4- as.o pp) lOo 

(1733.4 AU-20.6 AU) 



86.6% 



40 



45 



Recovery with three diafiltration 



(1377.4 AUi-44.5 AU-f35.4 AU4> 

25.0 AUf44.0Am 100 

(1733.4 AU-20.6 AU) 



89.1% 



50 
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[01771 Diafiltration provides greater protein mass recovery but results in increased product volunne and product di- 
lution. The percent volunne increases for each diafiltration step are as follows: 



Process Diafiltration: 

1 Final Diafiltration: 

2 Final Diafiltration: 

3 Final Diafiltration: 

4 Final Diafiltration: 



55.7% volume increase 
61 .3% volume increase 
67.6% volume increase 
72.8% volume increase 
83.3% volume increase 



[0178] On the basis of the protein sieving data produced by the experiments, the following Information was leamed: 
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1) Protein adsorption to the Viresolve/180 appears to be negligible. 

2) The haze seen in the solution of product suspended In WFI plus the fact that there was no protein passage with 
this solution, indicate that there is a stability issue with this product and WFI. Protein passage through the Viresolve 

5 membrane was achieved with the protein suspended in glycine buffer. 

3) The sieving coefficient drops steadily as the protein is concentrated on the upstream side of the membrane 
during processing. 

10 4) The low sieving coefficient at the end of the process (-25%) indicates that significant protein polarization is 

occurring on the membrane surface. 

CONCLUSIONS 

IS [01 79] The feasibility study was performed with the Viresolve/1 80 membrane using the human IgG product suspend- 
ed in two different buffers: WFI, and glycine buffer. No protein passage was seen using the product suspended in WFI. 
There was a slight haze associated with the starting solution indicating that the protein was not fully in solution. This 
would cause immediate polarization of the membrane, blocking the membrane to protein passage. The results of the 
flux excursion suggest that this is indeed what happened; the undissolved protein blinded the membrane prohibiting 

20 protein passage. 

[0180] There was a marked difference in the clarity of the solution containing product in glycine buffer; this solution 
was not hazy. The flux excursion for this solution provided a sieving coefficient at approximately 50% for all of the flux 
rates tested (0.003 mLymin/cm2 to 0.5 m!_/min/cm2). The concentration of the product in glycine buffer was approxi- 
mately 0.1% (total protein). 

25 [0181] The 0.1% solution was used to perform the volume reduction experiment. A product recovery of 89.1% was 
achieved with an 83.3% volume increase. An in process diafiltration step was utilized In an effort to limit the protein 
concentration on the upstream side of the membrane during processing. A final diafiltration step was also used to 
recover the protein in the hold-up volume of the system. 

[0182] The sieving coefficient dropped steadily during the process from an initial sieving coefficient of 57.8% to a 
30 final sieving coefficient of 26.9%. This indicates that a substantial protein layer builds on the membrane during process- 
ing. The mid-process diafiltration slowed the drop in the sieving coefficient, but did not increase it or hold it steady. The 
final diafiltration step did recover some of the protein from the hoid-up volume and the membrane surface. The protein 
concentration of these final diafiltration volumes was approximately 25 to 50% of the initial starting solution; this Indi- 
cates that the fresh buffer wash of diafiltration slowly removes the protein polarization layer of the membrane. It is 
35 desirable to have more product come off the membrane during diafiltration, this reduces product dilution and process 
time. An extended final diafiltration would recover more protein, but would cause greater product dilution. 
[0183] The product as tested had 5-12% dimers in solution. These dimers consist of active product. The presence 
of dimers would undoubtedly cause protein polarization on the membrane surface and the dimers, If they remained 
intact, would be trapped upstream. 

[01 84] This Comparative Example shows that under the conditions utilizing lyophilized starting material and low ionic 
strength buffer, a lower sieving coefficient was obtained, demonstrating that even at highly diluted conditions, the 
protein passes through the filter at less than 50% efficiency. Equipment containing much larger filter area would be 
required to process this material in the same amount of time as provided for in the optimized, validatable process of 
Examples 1 and 2. 

45 

EXAMPLE 4 

Precipitate II Preparation and Dissolution 

so [0185] The methods and materials of Example 1 herein were perfonned with the following modifications: 

[01 86] Anti-0 containing Precipitate II paste (1 6g) removed from a full scale modified Cohn-Oncley fractionation was 
stored at -TO^C until 1 hour prior to processing. The paste was dissloved in three volumes of WFI. Such dissolved 
paste was admixed tenfold with 1 50mM NaCI-Glycine buffer during the ultrafiltration. This material was filtered through 
a 0.2 micron filter prior to introducing the scrapie brain homogenate. 

55 

Scrapie Brain Homogenate 

[01 87] Scrapie Brain Homogenate (10%) was prepared using brain from hamsters infected with 263K hamster adapt- 
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ed agent. The homogenate was clarified by centrifugation for 20 minutes prior to addition of 1% lysolecithin to a final 
concentration of 0.1 %. The brain homogenate was probe sonicated until the solution turned from translucent to clear. 
The duration of sonication was approximately 3 minutes with the probe to obtain solution clarity. The treated homoge- 
nate was then serially filtered through Millex 0.45.0.22/0.1 micron filters. See Figure 6. The homogenate was spiked 
5 into Precipitate II at 1 :300 volume:volume ratio and was finally filtered through a sterilizing filter just prior to the start 
of the ultra-filtration step. 

Ultra-Filtration 

10 [0188] A 1/3 sq. ft. Viresolve module was placed in a stainless steel manifold assembly. The flow of material across 
and through the membrane was controlled by peristaltic pumps as disclosed hereinabove; protein concentrations of 
the permeate and retentate material was monitored at A280 throughout the process in order to document sieving co- 
efficients and final yield. Transmembrane pressure was monitored and controlled by the rate of permeate flow and 
protein concentration In accordance with the disclosure hereinabove. Protein load introduced to the membrane per sq. 

IS ft. was reduced by tenfold during scale down in an effort to challenge the membrane clearance ability. 

Western Blot 
Sample Preparation 

20 

[0189] The western blot assay begins with a proteinase K digestion step that is used to differentiate the PrP^ from 
the PrPsc. Following the proteinase K treatment the samples were centrifuged at 20,000 x g for 1 hour at A^C. The 
pellet was resuspended In 2X SDS heated at 95<*C for ten minutes prior to electrophoresis (Lee, D.C et at., J Virological 
Methods, 2000; 84:77-69). 

25 

Assay 

[0190] Following transfer and blocking the membrane was incubated in 3F4 monoclonal antibody. Post-washing the 
membrane was then exposed to the secondary antibody alkaline phosphatase-conjugated anti-mouse IgG. The blot 
30 was then soaked in CDP-Star plus NitroBlock and then exposed to Kodak XAR-2 film. A valid test was detemriined by 
the positive control exhibiting banding at 33 kDa mark. Other banding was acceptable as long as they were smaller 
and less Intense than the 33 kDa band. A typical Western blot of scrapie brain homogenate run at dilutions of 0.5 log^o 
is shown In Figure 7. 

[01 91 ] The Viresolve 1 80 ultra-filter was able to clear the PrP^ concentration in the permeate to less than detectable 
35 limits (Figure 8). The recovery of the prion material in the retentate has been variable dependent upon the amount of 
spike used. The scrapie brain homogenate was more difficult to filter at all filter porosities including the largest 0.22 
microns. When lysolecithin treated brain homogenate non-sonicated was filtered through a 0.1 micron filter the titer 
was reduced by greater than 0.5 log. Sonication allowed the PrP^ to pass through the filter quantitatively. Sonication 
has repeatedly been shown to enhance filterability without reducing the titer of the homogenate during the treatment. 
^0 It Is concluded that the ultrafiltration methods of the invention show significant clearance of scrapie agent even when 
challenged under a worst case condition, i.e., low protein toad, buffer wash post processing and PrP^ in a non-aggre- 
gated state. 

EXAMPLE 5 

45 

[01 92] The materials and procedures of Example 4 were performed except the scrapie brain homogenate was son- 
icated with a cup horn sonlcator for up to about 30 minutes until the solution turned from transluscent to clear. See 

Figure 6. 

[0193] The present invention has been described In detail in respect to particular preferred embodiments, it will be 
50 understood that variations and modifications can be effected without departing from the scope and spirit of the invention. 
The entire contents of all cited patents, patent applications, and non-patent disclosures are expressly incorporated 
herein by reference. 



55 Claims 

1 . Substantially pure immunoglobulin. 
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2. The Immunoglobulin of claim 1 which is a monoclonal immunoglobulin. 

3. The substantially pure immunoglobulin of claim 1 wherein the Immunoglobulin is anti-D immunogiobulin. 
5 4. The Immunoglobulin of claim 3 which Is a monoclonal anti-D Immunoglobulin. 

5. The Immunoglobulin of claim 3 wherein the anti-D immunoglobulin is polyclonal anti-D immunoglobulin. 

6. The substantially pure anti-D immunoglobulin of claim 3 wherein the anti-D immunoglobulin is RhoGAM® or 
10 MlCRhoGAM®. 

7. The immunoglobulin formulation of claim 6 comprising from about 4.0 to 6.0% Immunoglobulin by weight, from 
about 24 to 36 ppm Thimerosol, and from about 80 to 200 ppm polysorbate 80. 

15 8. The Immunoglobulin formulation of claim 7 comprising about 5.0% immunoglobulin by weight, about 33 ppm 
Thimerosol and about 100 ppm polysorbate 80. 

9. A method for making the immunoglobulin formulation of claim 1 comprising the steps of: 

20 (a) fractionating human plasma in alcohol; 

(b) resuspending the resulting Precipitate II; 

(c) admixing the resuspended Precipitate II with a high ionic strength buffer containing an exclpient; and 

(d) perfomrilng nanofiltration on the immunoglobulin, wherein said Immunoglobulin Is prion-free. 

25 10. The method of claim 9 wherein the alcohol is methanol. 

11. The method of claim 9 wherein the buffer is 150mM NaCI-Glycine buffer. 

12. The method of claim 11 wherein the exclpient is a non-ionic polyoxyethylene detergent. 

30 

13. The method of claim 12 wherein the non-ronic polyoxyethylene detergent is polysorbate-80. 

14. The method of claim 13 wherein the nanofiltration comprises use of a first nanofilter having a cutoff rating of less 
than about 30nm. 

35 

15. The method of claim 14 wherein the cutoff rating is about 12nm. 

16. The method of claim 13 wherein the nanofiltration comprises use of a second nanofilter having a cutoff rating of 
about 10,000Kto about 60,000K. 

40 

17. The method of claim 16 wherein the cutoff rating is about SO.OOOK. 

18. The method of claim 17 wherein the immunoglobulin is anti-D immunoglobulin. 

45 19. The method of claim 1 8 wherein the anti-D immunoglobulin Is RhoGAM® or MICRhoGAM®. 

20. RhoGAM® or MICRhoGAM® made by the method of claim 1 8. 

21. A process for the manufacture of substantially pure prion-free anti-D antibody comprising the steps of: 

50 

(a) resuspending Precipitate II from fractionated human plasma; 

(b) admixing the resuspended Precipitate 11 with processing aids; and 

(c) perfomiing nanofiltration on the immunoglobulin, wherein said immunoglobulin in prion-free. 

55 22. The process of claim 21 wherein the processing aids comprise a high ionic strength buffer and a non-ionic exclpient. 

23. The process of claim 22 wherein the high ionic strength buffer comprises ISOmM NaCI Glycine buffer and the non- 
ionic exclpient comprises polysorisate 80. 
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24. The method of claim 23 wherein the nanofiltration comprises use of a first nanofilter having a cutoff rating of less 
than about 30nm. 

25. The method of claim 24 wherein the cutoff rating is about 12nm. 

26. The method of claim 25 wherein the nanofiltration comprises use of a second nanofilter having a cutoff rating of 
about 10,OOOK to about 60,000K. 

27. The method of claim 26 wherein the cutoff rating is about 50,000K. 

28. The method of claim 22 comprising in addition step (d) concentrating the immunoglobulin concentration and ex- 
changing the processing aids with low ionic strength buffer using a nanofilter having a cutoff rating of about SO.OOOK. 

29. The method of claim 28 wherein the low ionic strength buffer Is SOmM NaCI Glycine buffer. 

30. Anti-D immunoglobulin made by the process of claim 21 . 

31 . Prion-free anti-D immunoglobulin made by the process of claim 29. 

20 32. A process for the manufacture of substantially pure protein comprising the steps of: 

(a) isolating a protein from plasma; 

(b) resuspending the isolated protein In buffer; 

(c) admixing the resuspended isolate with processing aids; and 
25 (c) performing nanofiltration on the isolate. 

33. The process of claim 32 wherein the Isolate Is a prion-free immunoglobulin. 

34. The process of claim 32 wherein the isolating step (a) is selected from the group consisting of batch or ionic 
30 exchange chromatography, affinity chromatography or the Cohn process. 



35 



40 



45 



so 



55 



27 



EP1 247 818 A2 



RhoGAM Fractionation Proeass f'l^Ot^e 1, 



ThwRnrnt 
Wnti 



Tim>*<ii><C; BUM ' 



I 



T 
I 















¥ 

















ni-tthnw 




Htm 




HynwfiAf&unln 


— ► 



iVBnlft'anS?'sfv!? 



















Taifi>^8te»y4Cs B>»M IJI* 1Cy5 hn. 




28 



EP1 247 818 A2 




29 



EP 1 247 818 A2 




30 



-i1 

EP 1 247 818 A2 



!-<8H 



I — STEAM V.32 

! ATMOSPHERE/AIR V-31 

V-36 

hM-a NonrE i 



aw 













PERMEATE 
2^V-26 ^ 




r TC OnAtN/CQNDENSATE OUT 



31 



EP 1 247 818 A2 



Feed 
Reservoir 



Recirculation 
Piuap 



Permeate Port 



FiaSA 




Feed 
Reservoir 



Oiafiltration 
Bag 



Retentate 
Port 

-ciq cia- 



Recirculation 
Pump 



HG.3B 




Peroaate 
Collection 



32 



EP1 247 818 A2 



GO 



100 J 
90" 
80" 
70 - 
60" 
50" 
40" 
30" 
20-- 
10" 

o4- 



Sieving Coefficient vs. Flux 



0.01 



0.02 



0.03 



0.04 



Flux, mL/nin/cn^ 



0.05 



na4 



dP 100 X 

90" 

^ 80- 
a> 

-r4 70" 

5 M - 

i 50- 
3 40 - 
a 30 " 
c 20" 
t 10" 
04- 



co 



Sieving Coefficient vs. Volune Filtered 



200 400 600 800 1000 1200 1400 1600 

Volume Filtered, mL ^ 

rlU.J 



33 



EP1 247 818 A2 




34 



EP1 247 818 A2 



— Tl 

Marker 2° 
NC g- 
R4 =, 
R5 ^ 
R6 3 

S f -n 
R8 ^ ^<5' 

<^ Sii 

NS8 3 03 ^ 
NS9 = Q 

o 



NS10 

NS11 I 

■ . PO g 

• PC10 ff 



CO 

o 

9r 



35 




36 



